Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants whose carcinogenicity and mutagenicity have been extensively studied.
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They are byproducts of the incomplete combustion of fuels and wood, and persist in the environment. 2 The concentrations of PAHs in the atmosphere are regarded as indicators of air pollution, and the historical trends of PAHs recorded in the sediment core from a reservoir should reflect the changes in the atmospheric pollution around the reservoir. 3 In order to evaluate the atmospheric environment at the sampling point and the historical trend of the PAH risk in the atmospheric environment, it is very important to establish an analytical method for PAHs in sediment samples.
Tsuji et al. reported a method for the determination of PAHs in sediment using ultrasonic extraction of the PAHs and a cleanup solid-phase extraction procedure, followed by LC/fluorescence detector. 4 However, it is difficult to detect PAHs which have a poor fluorescence, such as indeno [1,2,3-c,d ]pyrene, using the fluorescence detector.
The LC/MS method would supply more useful information for the analysis of PAHs because of the relatively high specificity of the MS detector compared to the UV or fluorescence detector. However, very few examples are known based on the detection of PAHs by LC/MS using several commercially available interfaces, including thermospray, 5 liquid ionization 6 and atmospheric pressure chemical ionization. 7 Furthermore, there were only a few reports about the detection of PAHs using electrospray as the interface due to difficulty of ionizing low polar compounds. 8, 9 Recently, Bruins et al. introduced the dopant assisted atmospheric pressure photoionization (APPI) technique, which was a novel LC/MS ionization and can achieve the ionization of low polar compounds, such as PAHs. 10, 11 However, there are few reports on the application of this technique to environmental analysis. 12 In this report, we present a method for the determination of PAHs in sediment samples by the ultrasonic extraction of PAHs and a clean-up solid-phase extraction procedure followed by LC/APPI/MS.
Experimental

Materials
The following 12 PAHs were detected and determined in this study: phenanthrene (Phe), anthracene (An), fluoranthene (Flu), pyrene (Py), benzo(a)anthracene (B(a)A), chrysene (Chr),
(B(a)P), benzo(e)pyrene (B(e)P), benzo(ghi)perylene (BghiP) and indeno [1,2,3-c,d ]pyrene (IP). These compounds were obtained from SUPELCO (Tokyo, Japan). All solvents were of HPLC grade, while the other chemicals were of analytical-reagent grade. Benzo(a)pyrene-d12 was used as the internal standard, and purchased from Hayashi Pure Chemical Industries (Osaka, Japan). Ammonium acetate and acetic acid were obtained from Wako Pure Chemical (Osaka, Japan). Ultra-pure water was produced by a Milli-Q system (Millipore, Bedford, USA). A sediment sample was obtained from Nagaike, which is a reservoir located in the southern part of Osaka City. The sampling was performed using normal gravity coring equipment.
HPLC conditions
Liquid chromatography was carried out using an HPLC instrument equipped with an Agilent Model 1100 series (Agilent, Yokogawa Analytical Systems, Tokyo, Japan). A TOSOH TSK-GEL ODS-80TsQA (Tosoh, Tokyo, Japan: 5 µm-particle size, 2.0 × 150 mm i.d.) was used for the LC separation of PAHs and the internal standard. HPLC separation was carried out at 40˚C using gradient composed water and acetonitrile. The gradient expressed as changes in acetonitrile was as follows: 0 -10 min, a linear increase from 50% to 90% acetonitrile; 10 -20 min, hold at 90%. The flow rate was 0.2 mL/min.
Atmospheric pressure photoionization (APPI)/MS
APPI-MS/MS analyses were performed using a PE-Sciex API2000 (Sciex, Applied Biosystems Japan, Tokyo, Japan). A prototype PhotoSpray TM source for API2000 was used as an ionization attachment. Ionization of the analytes was achieved by APPI in the positive ion mode. A micro-syringe pump was used in tuning the instrument and for dopant delivery during the APPI ionization. Toluene was chosen as the dopant in the APPI experiments. The LC mobile phase was mixed in a tee with the toluene solution. The optimal flow rate of toluene was 10 µl/min. All of the interface parameters were optimized by infusing a standard solution (10 µg/mL) of the analytes at a flow rate of 10 µL/min. The final APPI conditions were as follows: nitrogen curtain gas, 20 L/min; ion spray voltage, 150 V; lamp gas flow, 1 L/min; and declustering voltage, 50 V for every PAHs and internal standard. When working in the selected ion monitoring mode (SIM), the [M] + ions were monitored depending on the target analyte.
Solid-phase extraction procedure
An extraction of the PAHs from the sediment was performed according to a modification of the procedure reported by Tsuji et al. 8 It is briefly summarized as follows. After 0.5 g sediment samples were extracted by ultrasonic agitation, a 30-min extraction was carried out in a centrifuge tube with ethanol (4 ml) and toluene (16 ml). The tube was then centrifuged at 1500 rpm for 10 min. This treatment was repeated two times. The supernatants were combined and concentrated to 1 ml using a rotary evaporator, and then dried by a flowing N2 stream. The residue was dissolved in n-hexane (2 ml). The hexane solution was loaded onto a Sep-Pak Plus silica cartridge (Waters). The cartridge was eluted with 10 ml of hexane/toluene (90:10, v/v) into a glass tube. The eluent was dried by a nitrogen purge and dissolved in 0.5 ml of acetonitrile. A 10 µL volume of the internal methanol solution (benzo(a)pyrene-d12 10 mg/L) was next added. A 10 µL aliquot was then injected into the LC/MS.
Results and Discussion
For a mass spectral investigation using APPI-MS by infusing a standard solution (10 µg/mL) of the analytes, the positive molecular ions were observed as the main peaks for all 12 PAHs. The [M+H] + ions of the PAHs were not observed. The possible mechanism of the ionization is as follows: the initial reaction in APPI is the formation of a radical cation of toluene used as the dopant by 10 eV photons. The dopant positive molecular ion ionized the PAHs through a charge exchange, and the radical cation of the PAHs is then formed. The π-π interaction between the radical cation of toluene and the PAHs would accelerate the ionization.
The PAH radical cations were detected by APPI/MS after separation of these compounds through a reversed-phased ODS Table 1 . The instrumental detection limits were defined as three-times the baseline noise. The calibration equations (the relative MS response to the internal standard versus analyte concentration) were obtained for PAHs using a series of standard solutions over the concentration range from 1.0 to 100 ng/mL. The correlation coefficients of the calibration curves were beyond 0.99, and a satisfactory linear correlation (r 2 ) was obtained up to 100 ng/mL. B(a)A and Chr were obtained by injecting all of the PAH mixture standard solution and individual standard solutions, and the equation calculated using the sum of the peak area of B(a)A and Chr is also shown in Table 1 . The relative peak intensities of B(a)A and Chr were similar. The retention times and the relative peak intensities of B(a)P and B(e)P were similar, and the concentrations of these compounds were calculated as the pair of B(a)A and Chr. The instrumental detection limits calculated as three-times the standard deviation of the relative peak intensity (standard solution (5 ng/ml), n = 5) ranged from 0.40 to 4.6 ng/mL for the PAHs by LC/APPI/MS. In contrast, the detection limits of the LC/fluorescence detector were 0.79 -22 ng/mL, and the sensitivities were lower than those of the LC/APPI/MS, except for Py and B(b)F. The conditions of the LC/fluorescence detector method were based on the method described in Ref. 13 . For a recovery evaluation of PAHs by this method, the procedure was carried out after the sediment core sample (0.5 g at the depth 200 -205 cm) was spiked with 100 ng of the PAHs. The peaks of the PAHs were observed without spiking the standard solutions of the PAHs for the sediment sample at the mg/kg level (0.13 -1.9 mg/kg). The recoveries were evaluated by determining the peak areas based on SIM chromatograms, and pairs of B(a)A and Chr or B(a)P and B(e)P were calculated as one species. The mean recoveries (n = 3) were calculated from the difference in the concentrations obtained between the spiked and the unspiked sediment. Chromatograms of the sediment without spiking the PAHs standards are shown in Fig.  1 . The peaks of the PAHs were clearly detected without any interference by the peaks from the contaminants in the sediment sample. In the recovery test (n = 3) from the spiked sediment core sample, the mean recovery showed 90 -116% for the PAHs, and the relative standard deviation was 1.1 -9.0% (Table  1 ). The limits of the determinations for the PAHs by this method, defined as three-times the standard deviation of the obtained concentration from the recovery tests, varied from 0.06 mg/kg for AN to 0.91 mg/kg for B(k)F. Twelve kinds of PAHs were found at concentrations greater than the limits of determination in the sediment determined by this method. The LC/APPI/MS method offers an approach for the environmental analysis of PAHs.
